A 22-year-old pinto mixed breed mare was admitted for evaluation of severe colic signs and gastric reflux. Multiple nonpainful, variably sized hard masses were palpated in the subcutis over the thorax, abdomen, and hindquarters of the horse. The mare was diagnosed with sterile peritonitis and had systemically high c-glutamyltransferase, amylase, and lipase. Three days into treatment she became febrile with signs of persistent and mild abdominal discomfort; euthanasia was elected. Necropsy revealed peripancreatitis, pancreatic fibrosis, abdominal steatitis and panniculitis. Panniculitis associated with peripancreatitis has been described in humans and dogs but not in horses. Pathogenic models for this entity are discussed.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> A 22-year-old pinto mixed-breed mare was admitted to Oregon State University Veterinary Teaching Hospital for evaluation of severe colic of twelve hours' duration. On admission she was refluxing green malodorous fluid continuously (approximately 10 liters during exam) through a nasogastric tube placed by the referring veterinarian. Her heart rate, respiratory rate, and rectal temperature were within normal limits. She was estimated at 7% dehydrated with prolonged eyelid tenting and tacky mucous membranes. Transrectal palpation revealed an expanded feed-filled colon in normal orientation and no other significant findings. Transcutaneous abdominal ultrasonographic examination demonstrated loops of slightly distended small intestine with low motility and large amounts of free abdominal fluid. Multiple nonpainful, variably sized hard masses were palpated in the subcutaneous tissue over the thorax, abdomen, and hindquarters of the horse.
Abdominocentesis yielded copious amounts of a turbid yellow effusion characterized by 23,875 nucleated cells/ml and a protein concentration of ,1 g/dl. The differential description was 97% nondegenerate neutrophils and 3% large mononuclear cells. No microorganisms were seen with light microscopy on Gram-stained slides of a centrifuged sample. The lactate concentration in the abdominal fluid was double that in peripheral blood, and the glucose concentration was similar in both blood and peritoneal fluid. The sample was consistent with a nonseptic suppurative peritonitis. Blood biochemical analysis revealed hyperglycemia, hyponatremia, hypokalemia, hypochloremia, hypocalcemia, hypomagnesemia, and hyperlactemia. The mare had a normal total white blood cell count that was characterized by neutrophilia, left shift, and lymphopenia, and 10% of the neutrophils had mild toxic changes. These findings were consistent with loss of an electrolyterich fluid (reflux), peritonitis, and stress.
At this stage in the diagnostic evaluation, the differential diagnoses for the colic signs and reflux included proximal enteritis, strangulating intestinal lesion, or peritonitis resulting in functional ileus. The subcutaneous masses were not considered to be related to the primary problem, although further questioning of the owners revealed that during the 2 years they had owned this mare she had had several bouts of inappetance and lethargy that resolved without treatment, and after each episode the owners would notice an increase in the number and size of the masses. No diagnostic tests had been performed on the masses. Differential diagnoses for the masses included eosinophilic granuloma, panniculitis, and neoplasia.
Since the mare appeared to be resting comfortably, it was elected to manage her medically. Intravenous fluids a with calcium supplementation, b potassium penicillin G, c gentamicin sulfate, d lidocaine hydrochloride, e and flunixin meglumine f were administered. The mare initially responded well to treatment, as evidenced by no further episodes of colic, cessation of reflux, normal passage of feces, and an improved appetite, before she became febrile with progressive colic signs. After considering further diagnostic options such as exploratory surgery or standing peritoneal lavage the mare was humanely euthanized at the owner's request and submitted for necropsy.
Necropsy revealed numerous hard, disc-shaped nodules up to 10 cm in diameter in the subcutis over the thorax, abdomen, and hindquarters. The mesenteric root was severely expanded (,20 3 20 3 20 cm) with yellow and gelatinous to firm and white tissue (Fig. 1 ). The process encased the pancreas, extended to the liver capsule and the duodenal and colonic adventitia, and encompassed the adrenal glands and celiac ganglion. The pancreas was slightly swollen and firm. The wall of the right dorsal colon was diffusely thickened up to 1 cm with submucosal edema. The liver was friable. There were a few firm, off-white nodules up to 10 3 3 3 4 cm in the parietal abdominal subserosa that had a gritty cut surface. Based on necropsy findings, the following morphologic diagnoses were made: severe, multifocal to coalescing, acute peripancreatitis/ pancreatitis; severe, multifocal, chronic fibrosing panniculitis; moderate, multifocal, chronic necrotizing steatitis; and moderate, diffuse, submucosal edema of the right dorsal colon.
On microscopic examination, the peripancreatic adipose tissue was severely disrupted by dense infiltrates of viable and necrotic neutrophils, moderate amounts of edema, and numerous large aggregates of fibrin. The acute inflammatory response blended with peripancreatic maturing granulation tissue. The peripheral pancreatic interstitium was mildly, multifocally widened by collagen fiber deposits (Fig. 2) . The adipose tissue surrounding the celiac ganglion had multiple large aggregates of neutrophils often centered on foci of saponification. The subcutaneous masses were characterized by replacement of adipose tissue with fibrous connective tissue, foci of mineralization, and sparse infiltrates of macrophages ( Fig. 3 ). Large amounts of edema expanded the colonic submucosa and there were numerous fibrin thrombi occluding mucosal arterioles. Small numbers of lymphocytes, plasma cells and eosinophils were scattered in the lamina propria mucosae. No lesions were seen in the liver. Histopathology confirmed the grossly diagnosed peripancreatitis, steatitis, and panniculitis and was expanded to include mild pancreatic fibrosis and minimal diffuse, lympho-plasmacytic to eosinophillic colitis with severe mucosal edema. The colitis was mild, acute, and likely secondary to nonsteroidal anti-inflammatory drug administration, not contributing to the primary disease.
At this time amylase and lipase activity were measured in saved frozen serum samples. Unfortunately, the peritoneal fluid samples had not been retained for further analysis. On admission the mare's serum amylase activity was 635 U/ liter (reference range ,35 U/liter); this decreased to 12 U/ liter after 72 hours of hospitalization. The mare's serum lipase activity was initially 36,470 U/liter (reference range 400-1000 U/liter). This had decreased to 4,937 U/liter after 72 hours.
In the absence of other significant lesions, pancreatitis was the most likely cause of this horse's colic signs and abnormal abdominal fluid. A more appropriate term may be peripancreatitis, as the major reported morphologic changes of pancreatitis in the horse are not in the parenchyma of the organ but rather in the interstitium and peripancreatic adipose tissue. 9 Recognized causes of pancreatitis in horses include migrating parasites, bacterial and viral infections, immune-mediated damage, biliary or pancreatic duct inflammation, deficiencies of vitamin E or A, deficiencies of selenium and methionine, and Vitamin D toxicity. [6] [7] 10 Medications associated with pancreatitis in humans and that are frequently used in horses include furosemide, tetracyclines, estrogen, and certain corticosteroids and sulfonamides. [6] [7] 10 The mechanism by which these agents cause acute pancreatitis is unknown. The final common pathway of all these mechanisms is assumed to be autodigestion and local release of activated enzymes, but even that remains speculative. 4, 7 During the 2 years prior to admission there was no history of drug administration other than vaccinations and anthelmintics. While there was no postmortem evidence of vitamin or mineral deficiency, no assays were performed to definitively rule out this possibility. The evidence of the initiating cause of the pancreatitis had been obliterated by chronic inflammation and subsequent fibrosis.
The reason for the rarity of reports of pancreatitis in horses may be that it is truly uncommon or that it is simply underdiagnosed. The clinical signs may mimic other disease states, and mild cases of pancreatitis treated with supportive therapy may recover uneventfully. In the few case reports, including this one, pancreatitic lesions were diagnosed postmortem. [1] [2] [3] 6 Two of the reported cases were surgically explored, and no pancreatic lesion was noted until necropsy. [2] [3] Factors that should increase suspicion of pancreatitis in the horse are increased c-glutamyltransferase (GGT) without elevation of other liver-specific enzymes, sterile peritonitis, intermittent fever, mild but chronic and recurrent colic episodes, and gastric reflux. 7, 14 These are certainly not clear guidelines, as many of these signs have much more common and nonpancreatic associated causes.
Clinicopathologic changes may suggest pancreatitis. Evaluation of the use of serum and peritoneal fluid amylase and lipase reference values in horses resulted in the conclusion that comparison of these values may be useful in the antemortem diagnosis of pancreatitis. 13 The specificity of serum lipase activity for the detection of pancreatic injury in horses has not been reported. 18 The marked increase in lipase activity in this mare could best be explained by massive release from the pancreas. The subsequent decrease could be explained by dilution after intravenous fluid administration as well as partial response to supportive care and administration of anti-inflammatory medication.
Systemic increases of amylase activity alone are difficult to interpret since other diseases such as primary renal failure and damage to the intestinal mucosal cells can also cause increases in amylase. 13 Serum amylase activity of .700 U/liter is thought to be suggestive of pancreatitis in the horse. 9 In this mare, a renal cause was unlikely, since her serum blood urea nitrogen (BUN) and creatinine concentrations and urinalysis were normal throughout hospitalization. Edema and inflammatory infiltrates in the colonic mucosa were present, although mucosal cell damage was not evidenced. Increases in serum lipase appear to be more pancreatic disease than increases in serum amylase. In this particular case, the increase in lipase was severe.
Another enzyme of interest when considering a diagnosis of pancreatitis is GGT. GGT is highly concentrated in the pancreas, liver, kidney, and some other duct-containing organs such as the mammary gland. A high serum GGT activity in horses is likely a result of hepatic or pancreatic disease, since renal and mammary GGT are rarely absorbed systemically. With hepatic disease, however, serum activities of other hepatic enzymes such as AST or SDH should also be elevated. 14 This mare had a mild consistent elevation of GGT 28-30 U/liter (normal ,25 U/ liter), with normal AST and SDH, throughout hospitalization. These mildly elevated levels were insufficient to raise suspicion of a pancreatic lesion in this horse.
While the correlation has not yet been made in equids, a link has been demonstrated between inflammatory and neoplastic diseases of the pancreas and panniculitis in both humans and canids. 11, 16 Although the mechanism is poorly understood, it is theorized that enzymes released from the diseased pancreas enter the circulation and can cause enzymatic necrosis of adipocytes at distant sites, such as the subcutis. Internal steatitis is thought to occur by the same mechanism and/or by direct contact with the released enzyme. Although only 1 skin lesion was examined histologically at 1 point in time, the history of progressive number and size of the masses (consistent histologically with panniculitis) combined with the postmortem finding of chronic pancreatic disease suggests a link between pancreatitis and panniculitis in this horse.
Multiple cases of idiopathic steatitis and panniculitis in horses have been reported, and none have confirmed or denied the presence of pancreatic disease. All of these cases that went to postmortem had saponified fat present within the abdomen, as do the reported cases of pancreatitis, including this one. Due to the innate susceptibility of adipocytes to damage, the list of causes of panniculitis is extensive and includes trauma, ischemia, and neighboring inflammatory disease. However, some of the same vitamin and mineral deficiencies that have been associated with pancreatitis have also been implicated in panniculitis. 5, 12, 15, 17 Damage to adipocytes results in hydrolysis of triglyceride into glycerol and fatty acids. Release of these potent inflammatory mediators potentiates further tissue reaction. 16 Pancreatitis should be considered as a differential diagnosis in horses with a history of chronic colic or repeated episodes of peritonitis and when faced with multi-focal panniculitis. The clinical history of the progressive nature of the panniculitis in conjunction with the demonstration of acute on chronic pancreatic disease in this case indicates that pancreatitis can be a chronic and possibly recurring problem in the horse. 
